WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 




FCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Piatent Classification ^ : 




(11) International Publication Numbsr: 


WO 96/15157 


C08F 2^38 


Al 








(43) International Shiblic&tion Date: 


23 May 1996 (23.05.96) 



(21) International AppUcaUon Number: PCT/US95/ 14428 

(22) International SHing Date: 8 November 1995 (08.11.95) 



(74) Agents: COSTELLO. James. A. et al.; EJ. du Pont de Nemours 
and Company, Legal/Patent Records Center, 1007 Market 
Street. Wilmington. DE 19898 (US). 



(30) Priority Data: 

PM 9303 9 November 1994 (09.1 1.94) AU 



(71) Applicants {for all designated States except US): E.I. DU PONT 

DE NEMOURS AND COMPANY [USAJS]; 1007 Market 
Street, Wilmington. DE 19898 (US). COMMONWEALTH 
SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANI- 
ZATION (AU/AU]; 407 Royal Parade. Parkville, VIC 3052 
(AU). 

(72) Inventors; ond 

(75) Dnventors/Applicants (for US only): MOAD. Graeme 
[AU/AUl; 137 Monbulk Road, Kallista, VIC 3791 (AU). 
MOAD. Catherine. Louise [US/AU]; 137 Monbulk Road. 
Kallista. VIC 3791 (AU). KRSTINA. Julia (AU/AUJ; I6B 
Elsie Grove. Chelsea. VIC 3196 (AU). RIZZARDO. Ezio 
[AU/AU]; 26 Alex Avenue. Wheelers Hill. VIC 3150 (AU). 
BERGE. Charles. Thomas [US/US]; 2621 Boxwood Drive. 
Wilmington. DE 19810-1607 (US). DARLING, Thomas. 
Roben [US/US]; 17 Birch Knoll Road. Wilmington. DE 
19810-1301 (US). 



(54)TiUe: POLYMER SYNTHESIS 



(81) Designated States: AL. AM, AU. BB. BG, BR. BY. CA. CN. 
CZ. EE, FI. GE, HU. IS, JP, KG. KP, KR. K2, LK. LR, LT. 
LV. MD, MG. MK, MN, MX, NO. NZ. PL. RO, RU. SG. 
SI. SK. TJ, TM, TT. UA, US. UZ. VN. European patent 
(AT. BE, CH, DE. DK. ES. FR. GB, GR, IE, IT. LU. MC. 
NL. PT. SE). OAPI patent (BF. BJ. CF, CG. CI. CM, GA. 
GN. ML. MR, NE, SN, TD. TG), ARIPO patent (KE. LS, 
MW, SD. SZ. UG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(57) Abstract 

Process for the synthesis of block poly- 
mers, homopolymcrs and copolymers of nar- 
row polydispersity having fomiula (1) by 
contacting selected vinyl monomcr(s). vinyl- 
lerminatcd conripound(s) and free radicals in 
which effective control of production of poly- 
mer is achieved by controlling the mole ratio 
of vinyl monomcits), vinyl -terminated com- 
pound (s) and free radicals relative to one an- 
other, and polymers produced thereby. 
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POLYMER SYNTHESIS 

1. Fndid off ttfoe iDDwnDtrfioini 

This inveattion rdates to s process for the synthesis of block copolymers md 
polymers of narrow polydisperssty based on rsdicsl polymerization of monomers in the 
presence of imsatursited chain transfer agents. 



Block copolymers are usefi&l as pigment dispersants, sur&ctants* 

10 compatibilizers for polymer blends, thennoplasdc elastomers and in a variety of other 
Implications. Polymers with narrow molecular w<^ght disperssty can enhance melt 
viscosity behavior, solids-viscosity relationships of polymer solutions and sharper melt 
transitions than the same composition at a higher polydispersity. 

Conventional commercial techniques for synthesizing narrow polydispersed 

1 5 polymers and block copolymers include firee-radical polymeri^ion. Radical 

polymeri^on may be accomptished: (1) through the use of pseudo or quasi-living 
polymeria^on. These techniques make use oflow molecular weight transfer agents 
and/or chain tenninators; (2) through the use of transformation chemistry; (3) through 
the use of multifimctional or polymeric initiators. 

20 This invention provides a method of employing certain vinyl compounds in the 

synthesis of polymers with narrow molecular weight distribution and block 
copolymers by free radical polymerization. Block copolymerization by radical 
polymerization has been described in PCT Application No WO 93/223 5 5 This PCT 
application describes the mechanism of block copolymer fomtauon but does not define 

25 conditions necessary for the preparation of high purity block copoU-mers, nor 
fomiation of narrow polydispersity remss. 

CTTMMARY OF THE INVENTION 
This invention is directed to a process for the synthesis of polymers (block, 
30 homo- and copolymers) of the general fonnula: 



CH2 — C— CH2- 
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coonprising contacting: 

(i) a vinyl monomer of the fommla 

CH2 = CUV 

(ii) a vinyl-tenninated compound of fommla 



Jn 



S and 

(iii) free nulicals, produced from a free radical source; and 
increaang the molar amount of polymers. 1, by one or both of: 

(a) decnsaang the molar amount of (iii) for any given converaon of (i); 
and 

1 0 (b) decreasing the molar amount of (i) for any given conversion of Cui); 

wher^: 

Q is selected from the group H. R. OR, OaCR, halogen, CO2H, CO2R. CN. 

COMi2, CONHR and CONRj; 
U is selected from H and R; 
15 V is selected from R. OR, O2CR, halogen, CO2H. COjR, CN. CONH2. CONHR 

and CONR2; 
X is selected from H and R; 

Y is selected from R, OR, O2CR, halogen. CO2H, CO2R. CN, CONH2. CONHR 
and CONR2; 

20 Z is selected from the group H. SR>. S(0)R. S(0)2R, R^ and R^; 

R is selected from the group substituted and unsubstituted alkyl, aryl, aralkyU 
alkaiyl and organosilyl groups wherein the substituent(s) are independently 
selected from the group cartwxyl, epoxy, hydrojcyl, alkojcy, amino and halogen; 
R» is selected from the group H, substituted and unsubstituted alkyi, aiyl, araUcyl. 
25 alkaryl. organosilyl wherein the substituent(s) are independenUy selected from 

the group carboxyl. epoxy, hydroxy!, alkoxy, amino and halogen; 
R2 is selected from the group free radical initiator-derived fragments of substituted 
and unsubstittuted alkyl. cydoalkyl, aiyU araikyl alkaiyl, organosUyl, alkoxyalkyl, 
alkoxyaiyl, sulfete groups wherein the substituent(s) are independenUy selected 
30 from R, ORl, OjCR, halogen. COjH (and salts). COjR, CN, CONH2, 
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CONHR, CONR2. — ct /Si (and saits) and — <f (and salts); 

H^^ NH2 

is sd©6t@d from the group radicsl chain transfer agent-derived fiBgments of 
substituted and unsubstituted aikyl, cycloalkyl, aryi^ arallcyl, alkaryi, orgsnosiljl, 
aiko?cymUcj4, slko^sysryi, md FR2 groups the substituent(s) gire 

5 independently selected from R, OR^ SR, NR2, NHR, O2CR, halogen, C02H» 

CO2R, CN, CONH2. CONHR, &nd'CONR2; 
m and n are indq^dently > 1; and 

when either or both of m and n are greater than 1, the repeat units are the same or 
(Ufi^rent. 

10 Each aUcyl in the defined substituents is independently selected from branched, 

unbranched, and cyclical hydnocarbons having 1 to 20, preferably 1-12, and most 
preferably 1*8 carbon atoms; halo or halogen refers to bromo, iodo, chloro and fluoro, 
preferably chloro and fluoro, and organosilyl includes -SiR^CR^XR^) and the like, 
wherein R^, R^, and R^ are independently alkyl, phenyl, alkyl ether, or phenyl ether, 

IS preferably at least two of R'^, R^, and R^ being a hydroly^ble group, more preferably 
two of which are alkyl ether, wherein alkyl is preferably methyl or ethyl. A plurality of 
silyl groups can be condensed; for e^cample, an organopolysiloxane such as -Si(R'^)2- 
0-Si(R5)2R^, wherein R"*, R^, and R^ are independently alkyl. 

Preferred monomers are methyl methacrylate, ethyl methacrylate, propyl 

20 methacrj^te (all isomers), butyl methacrylate (all isomers), 2-ethylhexyl methacrylate, 
isobomyi methacrylate. methacrylic acid, benzyl methacrylate, phenyl methacrylate, 
methacrylonitrile, alpha methyl siyrene, methyl acrylate, ethyl acrylate, propyl acrylate 
(all isomers), butyl acrylate (all isomers). 2-ethylhe?cyl acrylate. isobomyi acrylate. 
acrylic acid* benzyl acrylate, phenyl acrylate, acrylonithle, styrene, funaional 

25 methacrylate, acrylates and styrene selected from glyddyi methacrylate, 2- 

hydroxyethyi methactylate, hydro^cypropyi methacrylate (all isomers), hydroxybutyl 
methacrylate (all isomers), diethylaminoethyl methacrylate, triethyleneglycol 
methacrylate, itaconic anhydride, itaconic acid, glyddyi acrylate, 2-hydro3cyethyl 
acrylate, hydroxypropyl acrylate (all isomers), hydroxybutyl acrylate (all isomers), 

30 diethylaminoethyl acrylate, triethyleneglycol acrylate, methacrylamide, N-tert«buty] 
meahacrylamide, Nna-butyi methaczrylamide, N-methyl-ol methacrylamide, N-ethyl-ol 
methacrylamide, N-tert-butyi acryS^imide, N-n-butyi acryiamide, N-methyl-ol 
acrylamide. N-ethyl-ol acryiamide. vinyl benzoic add (all isomers), diethylamino 
styrene (all isomers), alphamethylvinyl benzoic add (all isomers), diethylamino 

35 alphametfajdstyrene (all isomers), para-metl^lstyrene, p-vinyl benzene sulfonic add, 
trimethoxysilylpropyl methacrylate, triethoxysilylpropji methacrylate. 
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ttilnrtojsysilylpiopyl meshacsylate, dimahcMtymethylsnyipropyi methacrylate, 
<Uetfioxymediyi-aaylinopylmB«hsMa^^ dflnrtoxym^hyialylpropyl methacrylate, 
du6opropoayme%lsifylpn>pyl mahscjylaJe. dimsiho^tysslylpiropyl ssaediaaylate. 
diethcwysaylpropyi methacrylate, dibutoxyalylpropyl methsCTyiste, 
5 diisoproposyaljrtpropyl miahssraylate, trum^xyalylpropyi aoylate, 

triethoKysUylpropyi acryiate, tributOJtysilylpropyl acrylate, dimethoKymethylsilyipropyl 
aoylate. dieihosiyiinethylsaylpropyl oayla^e, dflwtosymeUiylsaylpropyl aaylate, 
diisopiopo»ymethylsaylpropyl acrytaJe, diaaethoKysaytpropyl aaylate, 
diethoxysilyipropyi aciylate. dibutcncysUylpropyl aaylate. dusoproposysaylpropyl 
10 aaylate, vinyl iscetate. and vinyl birty»ate,vins4cM^ 

In a preferred process, (fi) is ssleeted where Q, -XYC-CHj- and Z are 
independently selected from one or more of the foUowing. 
Q = H, methyl, ethyl, butyl (aU isomera), cydohestyi, methojcy, ethoxy, propo»y, 
butoxy (all isomers), phenosy, acetate, propionate, butyrate (all isomers), 
15 benzoate, carboxylate. chlorine, bromine, fluorine, iodine, nitrite, amide, N- 

methylamide. N-eihylamide, N-propylanaide, N.N-dimethylamide. N,N- 
diethylamide. N,N-dibutylaaaide. N-methyl-N-ethylamide, carboxylate ester of 
methyl, ethyl, propyl, butyl (all isomers), benzyl, phenyl, 2-hydro>cyethyl. 3- 
hydronypiropyl, 2-hydrojtypropyl. 4-hydro»y-butyl (aU jsomers). 3- 
20 hydrojjybutyl (all isomera), 2-hydrosybutyl, 3-tjramethoRysilylpropyl. 3- 

triethoxysalylpropyl. 3-trib«to«y-sayipropyl, 3.tri0sopropo«y)silylpropyl, 2- 
aminoethyl, 3-anuno-propyi, 2-aniinopropyI. 4-aminobutyl (aU isomers^ 3- 
aminobutyl (all isomers), 2-aniinobutyl (all isomers). 2-epoxypropyl. or 3- 
eposypropyl; 

25 -XYC-CH2- = derived from one or more of the foUowing monomers: methyl • 
methacrylate. ethyl methacrylate. propyl methacrylate (all isomers), butyl 
methacrylate (all isomers). 2-ethylheHyl methacrylate. isobomyl methacrylate. 
methacrylic acid, benzyl methaoyiate, phenyl methacrylate, methacrylonitrile. 
styrene, alpha methyl styrene, glycidyl methacrylate, 2-hydroxyethyl 

30 methacrylate, hydrosypropyl methacrylate (all isomers), hydrosybutyl 

methacrylate (aD isomers), diethytominoethyl methacrylate, triethyleneglycol 
methaaylate, N-tert-butyl methaoylasiide, N-n*utyl methacrylamide, N- 
metM-ol methacrylamide, N-ethyl-ol methacrylamide, trimethoxysUylpropyl 
metlHiciylate. triethoJtyalylpropyl mahaoylate, tributosysilylpropyl 

35 methacrylate, dimethojqrmethyialjrtpropjrt methacrylate, 

diethojtymethylsilylpropyl siiethacrylate. dibutojrym^lsaylpropyl 
methacrylate, diisoproposymethylsilylpropyl methaaylate. 
dimethoxysUylpropyl methacrylate, diethoxysilyipropyi methacrylate. 
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dibusosiysilylpropsd methao^&Se, dusoproposQfsalylpiropyl methaa^iaKe^ sneibyl 
QGsyls^ eifayl ac^j^ots; prop^ acsytet^ (&U isosas^X bMyl acrytete (all 
isoms^X 2«^tq^k(^l ncrjdste, isoborayl scrjdate^ soylic ©dd, bsazyi ocr^&te, 
phenyl acryksSs, scrylomtrile, stynaie, glyddyi scjyls^©, 2-hy<iro;£ye^hyl 
S sics'^fi^e, hydn>3cypropyl acfj^ate (all isomers), faydro^sybuQd sojflfit© (all 

isomgfs), &i^hyimmo^hyl oeryisZ^ tri@dij^esi@sl3fcol scrylate, N-t€gt-bu^ 
go^sumide, N*>Q°but^ acrylamide, N-4si!SKfajril<ol acryiaimde, N--<sthyi<oS 
asryla88nd@» vsssyl b&azoiG add (all tsomsrs), di^faylammo styztssss (all isom^X 
p-vinyl bens@£e sulfonic add, para^mediylstyrene, trimethoxysOylpropyl 

10 acrylate^ trieOiosysilylpropyl aoylaKe, mbixtojsysiljrtpropjd acsylat©, dimsihos^- 

me^hylsilylpropyl acrylate» dieidtioscymesli^siljfipropyl acaylate, dibutoisy^ 
mslthyl^lpropyi ac^iiat®, diisopropo^cymethyldlylpropj^ aoryiate* dim6tho?:y- 
silylpropyl acrylaie, disiho^cysilyipropyi acryia^e, dibutOTcysilylpropyl aayla^ 
diisopropoxysilylpropyl acs^^®, vinyl acmie, or vinyl butyrs^e; 

15 Z= H.SR^S(0)R,S(0)2R.R2^orR3; 

R» m@^l, @Ui34» propyl, n-ba2tyl, terK"4nst^ 

phenylprop3^ trimethoTcystlylpropyl, tributOTQ^^ 

hydroxyethyl, 2-hydroxypropyI, 2HqK>xypropyl» 2-aimno€ths4. 2-aminopropji, 
me^oxymediyl, 2-medioxyelfayl 2-eUioxyeifayl, 2-me&hoxy-prop34, or 

20 heptafluoropropjfi; 

= hydrogen, m^hyU ethyl, propyl, n-butjd, tert-butyl, isobutyl, phenyl, benzyl, 2- 
phenyipropyl, trimethoxysilyl-propyl, tributojryrilyipropyl, hydroxymethyl, 2- 
hydrojsyethyl, 2-hydroxypropj4, 2-epojcypropyl, 2-aminoethyl, 2-aminopropyl, 
methoxynietfayl, 2-metho^eihyl, 2-ethoxyethyl, 2-methoxypropyl, or 

25 heptafluoropropyl; 

r2 - 2,4-diinethylpCTtanenitrile, 2-methylbinanenitrile, 2-methyipropanenimle, 
cydohesamecarbonimle, 4-cyanopentanoic add, N,N*-dimethyleneiso- 
butyramidine, N,N*«<iimediyieaieisobutyramidine hydrochloride, 2- 
aanadinopiropaae, 2-amidinopiropaae hydrochloride, 2-iinethyl-N-[l,l- 

30 bis(hydro3cyn^thyl>eti!!yll propionamide, 2-meihj^-N-[ 1, 1 -bis(hydroxymeth3dl)- 

2-hydroxyeth}i] propionamide, 2-methyl-N-(2-hydroJcyethyl) propionamide, 
isobutyamide hydrate, l^droxj^ or sulfete; 
R3 « i,i^is(carboedio^)eafayl, l,l-bis(casbom^ho?Qf)ethyl, bis(cart)oetho3sy)- 
BBs^dodL bis(rairib<mie^o^)Bnethyl, l-^i»oe(^i:y-l-phenjd e^l, 1-carbo- 

35 meihoigr-l-phenyl eihyl, chlorine, bromine, fluorine, iodine, l-methyl-l- 

[<ssKbo(2Hgpo»ypropoxy)]ei&3^ l-m^hj4-l-[cs^bo(2«hydro3qre^ho3cy)]e%l, 1- 
meihyl-l-[carbo(4-hydrojcy-butoxy)]^hyl, l-m^hyH-(carbo(2- 
amindethoxy)]ethyl, l-methyH-[cafbo(3-trimethoxysUjipropoxy)]ethyl, 1- 
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meaiyl-l-[carbo(3-tri€«hoKy8aylim>poj£y)]eUiyl. l-iiietM-»-[c«ri»<K3- 
(iiiiiedu»cyetlu}xyal3^im>iw»y)]edi^ l-melhyi-l-(cari»(2-metho»y- 

(beazo)inetliyl. thiom^yl(«^aiio)infi4hji or tluoethyI(qrano)ineth)d. 

5 

In a prefered process, 0") »s derived fiom one or more of the following 
inhiatonj: 2.2'-asobi^isoSmJyroni<riIe), 2,2'.aafflbis(2-but£snenitrile), 4.4'-azobis(4- 
cyanpentanoic addX l,r-a2obis(cycloha£fin©saibonhrile). 2-(t-butyla20>-2- 
cyanopropane. 2,2^aTObis[2-methyl-NKl, l)*i<Mwq«netM>^^ 

10 propionainide. 2^-a»bisI2-methyI-N.liydroKyetM)l-P«>pionaaiide, 2,2'- 

asobis(N.M-dimethytena8obi«yram dicUoride, 2,2'-a2obas(2-amidmopropane) 
didiloride. 2,2'-azobia(N,WKlinietMeneisobutyrainide), 2,2*-asobis(2-metliyl-N-[l,l- 
bis{hydroxysne8hyl)-2-liydroj£yethyI] propionamide), 2,2'-azobis(2-8Tiethyl-N-[l,l- 
bis(hydioxymethyl) eihyl] propionamide), 2.2'-aa>bis[2-meahyl.N-(2-hydroJcyethyO 

15 propionamide], 2,2'-a2obis(isobutyramide) dihydrate. t-butyl-peroxyacetate, t- 
butylperoxybenzoate, t-butylperoxyortoate, t-butyiperoKyneodecanoate, t- 
butylperoxyisobutyrate, t-amylperoxypivalate, t-butylperoxypivalate, cumene 
hydroperoxide, dicumyl peroxide, benaoyl peroxide, potassium persulfate, ammonhsm 
persulfiste. 

20 

Compound (2) can be prepai«d by sgveral methods. Two non-restrictive 
examples of convenient methods of preparing compounds of stnicture (2) are by free 
radical polymerization in the presence of cobalt transfer agems or organic transfer 

25 agents that are capable of chain transfer by addition fragmentation. Cobalt chain 
transfer agents represent & broad class of complexes some of which are described in 
U.S. Patent No. 4.694,054, U.S. Patent No. 4,680,352, U.S. Patent No. 4,722.984, 
and WO 87/03605. 

Organic chain transfer agents include allylic sulfides, allyUc bromides, vinyl 

30 terminated methaCTylic oUgomers (dimers. trimers. etc or distributions), a- 

methylstyrene dimer and related compounds. Other methods of preparation are also 
possible. 

Said compounds of stnwture (2) can also be a block copolymer of general 
stnwture (1) and the process can then be used to form tri- or multiblock copolymers. 
35 Substituent Q of (1) and (2) is chosen to convey appropriate reactivity to the 

double bond in radical potymerizafdon of the desired monoms- or monomers under 
polymerization conditions. It should preferably be aiyl, COjH, CO2R, CN, or 



6 



o 



WOM/ES1S7 PCT/lJS93/fl<W28 

CaNEL2 hi ib&G^ of &s9xv^ ssy3^^i@» serylics) or H» R» OR, O2CR, 

or hsilogea in the case of non &cdva2ed monomas ((S.g, vinyl etostate, vinjd ddoride). 

TbB substitueats Q @iad Z csn olso b@ chosen so &s to inSroduee ai^ rsqurod 
eml-group fimctton&Iity into the polymer (1 ). These end groups c&n be the ssme or 
S diSe^ssit m& mt^ chossn such thst the Smi polymer is a teledidic potysster. Suitshle 
estd groups are those compatible with &©e radical polymeri^tion and include epossy» 
hydros, eart^oxj^c @dd» cart)o^c est^. 

MoHxmi^ CM2'=CUV, as used herein include a^^^c, nsethacrylic and styraodc 
monomers^ nu^ctures thereof and susoures of these OK^ 

10 As one sSdUed in tl^ ait would irecognize, the dioioe of oomonomers is determined by 
the steric and electronic properties of the monomer. The &ctor3 vMch detmnine 
copolymerizability of various monomers is well documented in the art. 

When U and/or X= hydrogen, the use of reaction temperatures above lOO^C 
has b^en found to &vor block copolymer formation. 

IS The process is compatible with forming (2) and the polymer (1) sequesitially in 

a ''one-pot" procedure. In this case, it is imposrtant to destroy residual transfer agent 
rsnaimng from the synthesis of (2). For compounds (2) prepared in the presence of 
cobalt catalytic chain transfer agents, the use of potassiaun persulfiite, a peroxide or 
mnilar reagent deactivates any cobalt chain transfer agent remaining from the 

20 compound (2) preparation. 

The length of the '>(CXY-C]H[2)q<- is determined by the molecular wdght of (2). 
Unreacted (2) will constitute a contaminant. The conversion level of (2) will define 
the purity of (1). The higher the conversion of (2) the higher the purity of (1). 
To obtain narrow dispersity in the final polymer, reaction conditions are 

25 selected such that polymeri^pn in the absence of (2) gives molecubr weights 

substantially higher (at least S-fold) than in the presence of (2). In the same manner, 
to obtain high block purity in the blo^ copolymer synthesis, reaction conditions are 
sdected such that polymerization in the absence of compound (2) gives molecular 
weights substantially higher (at les^ 5-fold) than in the presence of compound (2). 

30 With this as a guide, the control of the molar amount of fiee radicals (iii) at any 

given conversion of (i) will determine how much polymer containing (i) and not (2) is 
formed. One can minimize the nuntiber of free radicals, via initiators, in tte 
media during the polymerization so that bimolecular tennination reactions, or radical- 
radical reactions, are minimized. These reactions produce polymers that are 

35 umle^rable when one is interested in raarrow dispersity polymers or substantually pure 
block copolymers. Increasing the nu^les of (ii) in the presence of Oii) will enhance the 
transfer reaction whidi is necessary to produce block, telechelic polymers and 
homopolymers of narrow molecular weight dispersity. In like &shion, reducing the 



7 



W096/1S1S7 IPCT/US9S/14428 

ntolEffDiiMi'i3irtofm<mo«^(Q'" 

of Ou>> will provide additional control thus asamng uptsske of Oi) as » traasfer ageat. 
Slow, incremsatal iqrtske of fi) under conditions which optimize chain transfa- 
contribute to narrow potydispersity. The present invention aUows preparation of 
5 homo- end copolyoi^ with substant!sllyosm>werpolydispasi^ 

pp^)ar©d by conventional free radical potynaerizalion. Polymers with poiydisperai^ 
<1.5 are not available uang convsaitiooal free radical polymerization tedmology. The 
discovered inteneiationship of (a) to (d) allows preparation of polymers with 
• polydisperatiesbdow 1.7 and even less than l.S. 
10 The process can be success&illy conducted by bulk, solution, suspension or 

emulsion polymermtion. However, bearing in mind the above-mentioned condition, a 
preferred process for forming high molecular weight block copolymers is by emulsion 
or dispsraioapolymemation techniques. Emulsion polymerization typically o^rs 
very high molecular waghts for polymerization carried out in the absence of 
15 compound (2). As a consequence, it is possible to prepare high molecular weight, 
high purity block copolymers with narrow polydispeisity. Other advantages of 
emulsiwi potymerization over solution or bulk polymerization are fester 
polymerization times, high conversions, avoidance of organic solvents, and low chain 
transfer to water. 

20 The present process oflfers significam advantages over other processes for 

preparing block or narrow potydispersity polymers based on conventional living 
polymerisation techniques ie.g. cationic anionic, coordination or group transfer 
polymerization). Advantages inchule compadWIity with monomers with active 
hydrogens (for example, methaciylic add, 2-hydroxyethyl methacrylate. etc.). or 
25 reactive fimctionality (for example, gtycidyl methacrylate). the use of protic media (for 
example, isopropanol, water), and use of inexpensive commercial grade monomers. 

The success of block copolymerization via the emulsion process depends on 
the compatibiUty of the monomer(s) and compound (2). The polymerization of 
hydrophobic monomers ie.g. butyl methaoylate) and moderately hydrophobic 
30 compounds (2) {e.g. methyl mcthaoytote), or moderately hydrophobic monomers with 
hydrophilic compounds (2) ie.g. methacryfic add) can be successfully carried out. 

Emulsion polymerization of hydrophobic monomers (for example, styrene, 
butyl methacrylate. etc.) in the presence of water-soluble compounds (2) may lead to 
product contaminated with homopolymer of the hydrophobic monomers. In these 
35 circumstances, addition of appropriate cosolvents (for example, 2-butoxyethanol) to 
the emulsion polynrarization medhMn gives improved yields of block copolymer. 

Changing the hydrophobio-hydrophilic balance in the compound (2) also gives 
improved yidd of block copotymer. For example, block copolymers based on 
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hydrophobic moaomsrs (for exansfie^ styrene» Imtyl meth&cryl&te^ etc.) aod 60:40 
med^ methacryifi^e-co-methacrylic add compounds (2) are readily symhesiaBed in 
Ugh yield mi pimty by enmlson poiymerisstion. 

The low coss of the process means tim purification of the block copolymer can 
be ecoHiomi^dly viable when this is si^ecesssTy or desirable. Thus, low^ yields of blo^ 
copotymsrs can be tole?@t@d thsn wsth other synthetic me^iods. 

The process of the invention is fimher illustrated by the following Essamples in 
^s^ch these abbreviations are used: 
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IS 



20 



25 



30 



35 



EHMA 

n-BA 

BAc 

EAc 

GMA 

n-BMA 

t-BMA 

i-BMA 

BzMA 

HEMA 

iPrOH 

MAA 

MEK 

MMA 

PhMA 

S 

pMS 
CHMA 
VAZO 52 
VAZ0 88 
WAKOVA044 

iprCo(]D[I)DMG 



MeCo(II][)DEG 



2*-ethylhe^ metha^ate 
Mmtyl acrylate 
butyl acetate 
ethyl acetate 
glycidjd methacrylate 
p»^tyl methacsfylate 
^-but3^ methacylate 
iso-butyl methacrylate 
benzyl methacrylate 
ethjA methacrylate 
hydro^syethjd methacylate 
2-propanoI 
methacrylic add 
methylethyl ketone 
metl^ methacrylate 
phenyl methacrylate 
styrene 

p-methyist)frene 

cydohes^I metha^late 

2,2*»a2obis(2,4dimethyipentanenitrile) 

1 » 1 »azobis(cydoheKanecarbonitrile) 

2,2-a2obis(N,N*<Kiimethylendsobut}framidine) 

difaydrochloride 

[bis[m-[(2,3-butanedione dio3dmatoX2-H>:0']] 
tearafluorodiboroto (2-) -N.N*,W,N^ (1- 
m^^%lethyi) (aqua) cobalt 
[bis[m<-[(2,3-h&canedione dio;dmatoX2->)-0:0']] 
t<^Jrafluorodiborato (2-) -N.W.N^.N^ (methyl) 
(aqua) cobalt 
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15 



20 



This is the basic reap© for ssMfeciamleaa emulsion polymeriaation and 
illusirates the use of block copofymsra bs lateJt stabilisers. 

Water '^^■^ 8 

NaHCOa 8 

MAAi2-block-BMM _ ^-^''^ 8 

MAA Compound 2 (^H NMR: Mn 950) 10.07 g 

R«»flA *^8 

4,4' azobis(4-cyanopentanoic add) 0. 140 g 



10.0 g 



The water was degassed in a multi-neck, 250 mL reactor under nitrogen for 
20min. The solution was heated to 85»C. The sodium bicarbonate, block copolymer 
and MAA Compound 2 were added, and the solution was degassed for a farther 1 0 
man. TheinitiatorandaportionoftheMMA(1.00g)wereaddedassingleshotsand 
the remaining MMA added as a feed over 90 min. The reaction mfacture was held sst 

85°C for a farther 90 min. 

GPC: iAn 3010. Mw 4270; Dispersity 1 42. 

The yield of block copolymer vs. ■homopolymer' fonned by emulsion 
polymeriiation depends on the relative hydrophobicity of the compound (2) and 
25 monomer. The examples given in the table show that, for systems where this is a 
problem {e.g. MAA-block-BMA), the yield of block copolymer are m»proved by use 
of an appropriate cosolvent. 
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Monoster 


Gosotveot 




1 


MMA 




100 


2 


EMA 


none 


70 


3 


ssBMA 


nsss 


43 


4 


siBA 


nsais 


20 


5 


hmAJBMAl:2 




SO 


6 


MMA/BMAlil 




60 


7 


MMA//BMA ttiblods (1:2) 


nws 


eo 


8 


qBMA 


10 % 2-ellM»9e82^mol^ 


60 


9 


nBMA 


10 % 2-butosc^Rsahano]C 


100 



^^Estimated by GPC. Remainder is "B btecEc* feomoisolyn^ 
7e9d icoeassd (to 270 min 
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IHSSAMPILISg W'-M 
Methaccylatis Estor Based Block Copolymess 

20 A. PsrepaemitoonK (oif FB&MA cooBDipaDQaBDd (S) 





Water 


75 g 




SDS (1 wt% aq. solution) 


38 




4,4'-azobis(4-Gyanopentanoic add) 


0.140g 


Monomer Shot: 


PhMA 


3.5 g 




MeCo(in>DEG 


15.0 mg 


Monomer Feed: 


PhMA 


31.7 g 




MeCo(in)DEG 


11.8 mg 



The wa^@r, aniti&tor md SDS were combined and degsssed under nitrogen in a 
30 multi^necked 250 mL re&ctor. Tks nai?msre was he&ted to 80^C md the monom^ shot 
added immediately. The monomer feed was added over 90 min. The temperature was 
incareased to 8S^C and hdd for a fiarther 90 min. 
GPC: Ma 1 100 2400; Diqrarstty 2.18. 
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IB. IPifXsparataoia ®irFllnMA*-Ib!!c£b«IBMA 

ImSEQSOT F©s± ^zH^ eotaaum) 

MommtsrFesd: oBMA 

a. 0>90iniD0.25mL/min 

b. 90-180 miA 0.50 mUmm 



PCTAJS9S^14428 

30s 
56.8 mL 
60g 



The PhMA comp<nmd (2) latejc (Ma 1 100. Mw 2400; Diq>ersity 2.18)^ 
10 heated to 80^ in a midti-neck 250 mL reactor uiKl^ The 

imtisior and sionomeir feeds were added concurremly over 180 snin. Postions of SDS 

(1 g of a 10 wt% aqueous solution) were added hourly during the monomer addition. 

After monomer addition was complete the reacdon temperature was increased to SS^^C 

end hdd for a further 90 min. 
15 GPC: Mn 14500, Mw 33400; Dispersity 2.30 







MetlisDfiiryilis 


Softer ISIe 


(sb C^pofymm prepored by EsmiullsiotQ IPoDysneirisQSBOOQ 






Compound 2 Mofsamer 


Blods Composition^ 
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PhMA 


oBMA 


(PliMA)7//(nBMA)94 


14500 


2.30 


20 


11 


MAA 




(MAA)ll//(MMA)i4^ 


3010 


1.42 




12 


MAA 




(MAA)ii//(iiBMA)22 


4030 


2.31 




13 


MMA 


nBMA 


(MMA)l9//(nBMA)46 


6700 


1.19 




\6 


ftBMA 


nBMA 


rtBMA)1 7//(nBMA)24 


5780 


1.33 


25 


Qe^rtmnfidl &om GPC 

^GPC (polystyrene equivalents) 

<Cesamatedfirom ^HNMR 









dio % 2-buioxyettaaiiol (see Table 1) 



3Q ls;SCAR<nPILESll§-a9 . 

l^mP^ Polvdispersitv Polvm^ 
These ejtamples illustrate the preparation of a polymer of rdativdy namm 
polydispereity by emulsion polymerization. Polydispersities (> 1 .5) are narrower than 
eiqiected by nonnal polymeriaation with chain transfer (2.0). The polydispersity 
35 typicaUy narrows with uicreased monomer addition as shown in Table 3. To achieve 
narrow polydispersities it is neceaaaiy to control the rate of monomer addition to 
maintain relatively high % soUds (typically in range 70-95%) and a constant monomer 
cmcentration. 
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Wfijaer 150 8 

SDS (3 vyt% fiq. solution) 6 g 

4,4 -azobis(4-€yssBOpenisnoic sdd) 0.280 g 

Monomer Shot: MMA 7 g 

M©Co(in)DEG S 

MononaerFe@d: MMA 63.4 8 

M(^o(III)DEG 2.3 mg 



The water, initiator and SDS were combined and deg&ssed imder s&itrogea in & 
multi*necked 2S0 mL reactor. The mixture was heated to 80®C and the monomer shot 
axided immediately. The monomer feed was added over 90 min. The tenq^erature was 
increased to 8SX and held for a fiirther 90 min. 
15 GPC: Ma 3500 Mw 5600; Dispersity 1.61. 

&HNMII: Ma 3100 

MMA oompm&mi (2) Ismi (33 % soluSs)'' 30 g 

Isufiisigor F^: KjSjOg (0.4wl % aq. soiiBfiion) 28.4 mU90 msk 

20 MnaEomerFeed: nBMA lOg^min 



The MMA compound (2) was heated to 80*C in a multi-neck 250 mL reactor 
25 under nitrogen for 30 min. The initiator and monomer feeds were added concurrently 
over 90 min. The monomer and initiator additions were then repeated until a total of 
100 g BMA was added. Portions of SDS (1 g of a 3 wt% aqueous solution) were 
added hourly during the monomer additioa After monomer addition was complete 
the reaction temperature was increased to 8SX and held for 90 min. 
30 GPC: Mn 23800, Mw 33 1 00; Dispersity 1 .39 
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(€(K5ss^®(2i©d 1(2) ° PMMA) 



10 



IS 



Essssmplc Monomer 


moQomer (s) 




MWMn 


M„(calcy> 


15 BMA 


0 


3500(3100^) 


1.6 






20 


83C0 (97C0) 


1.5 


9300 




40 


13200 (15400) 


1.4 


15500 




60 


17700(20100) 


13 


21700 




80 


20000(23600) 


IJ 


27900 




100 


23800 (28100) 


1.4 


34500 


16 MMA 


0 


1850 (2100) 


1.5 






15.8 


3800(4320) 


1.4 


4800 




24.2 


4770 (53C0) 


1.4 


6300 




31.6 


5740 (6500) 


1.5 


7700 




63.1 


9790(11200) 


2,7 


13500 



0 


3260(3700) 


1,5 




11.8 


9900(11300) 


1.4 


10900 


19,0 


13700 (15700) 


1.5 


15600 


35.2 


22100 (25300) 


1.6 


26200 


52.9 


31300 (359C0) 


1.8 


37700 


65.8 


37600(43200) 


2.1 


46100 



0 


2000^ 


1.6 




25.7 


6700 (7900) 


1.2 


8000 


33.6 


8400(9900) 


1.2 


9900 


50.3 


12300(14500) 


1.2 


13800 


59.8 


14900 (17600) 


1.2 


16100 


67.1 


16800 (19800) 


1.2 


17800 


88.2 


18400 (21700) 


1.4 


22800 



20 EHMA 0 2050^ 17 

20 4900 1.3 

40 7100 1.4 7600 

35 60 10500 1.3 104C0 

78 11800 1.3 12900 

a^WT r^'miV^^^ in poltygtyreag eqiuvalents (values iflttaiaed ty awilying muverBi calitettion 

inpsremltsses). Niia±era lousutesS to msaresa hnnd^ 
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^MEFilms3[s:st3sl/l€o:ss^^ (2)) s w^w^rsr Ma) -9- ^csijroasd (2) Mo. Daeessgnirrqeg bsSDSsa 
<sg tejJt*^fe«i^ fimscd Ms nsssr leflesa ^ssesisioffl of o ompaaa d (2) GOsseairosisnL 



Tp»lock Copotymers 

Th@s® eKsmplesiUuslratethesyntftesasof The 
procedure is con^jstftle vntit *osKe— pot' openation. 

10 IPmsipamttsooQ cDf MMA«^£a^-ISMA<^&Rcft--MMA. 

MMA cosnpo ua d (2) teses'^' 30 g 

SDS(3tyC%eq.ssdt8ttat) Ig 

InitiattKrFead: (0.316 mLykEadn) K2S2C^(0.36^%eq. solmim) 40.8 g 

15 Moa£OBS£rF»L (0.218 noL/kBua) oBMA 25.2 g 

(^ca. 32 % solids, Mn 2040, Dispmity 1.5 1» prepared with iPiCo(III)DMG procedure 
similar to Example 15, part A) 

20 The MMA compound (2) laten and SDS yms placed in a multi-neck 250 mL 

reactor, degassed under vacuum, then heated to 80X under nitrogen. The initiator 
and monomer feeds were added concurrently over 130 onin. After monomer addition 
was complete the reaction was held at 80^C for 90 min. A shot of surfactant was 
added (Ig of 3 wt% aq. solution of SDS) at 60 min intervals. 

25 GPC: Mn 6650, Mw 8400; Dispersity 1 .26. 

MMA-bloc&-BMA compound (2) latex'^ 30 g 

SDS (3 ^yt%&q. solution) Ig 

Initiasor Feed: (0.316 mL/nun) K2S2(^(0.36wt%aq. solutnon) 21.3 g 

30 MfUKomsrFesd: (0.119mL/min) MMA 7.5 g 
32 % solids, finm pstA A) 

The MMA compound (2) IsX^ and SDS was placed in a multi-neck 250 mL 
r(^ctor, degassed und^ vacuum, then heated to SO^C imder nitrogen. The initiator 
35 and monomer feeds were added concurr^idy over 68 min. After monomer addition 
was complete the reaction was held at SOX for 90 mia A shot of surfactant was 
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WOM/lSiS7 

added (1 gof3wt%aq. solution of SDS) at 60 min inters The converason based 
on % solids was 98%. 

GPC: Mn 12660, 16590; Disperssty 1.35 



Table 4. EiaaostoD^Ba TriWodi C©ip©il^ 



20 1.BMA 
2:MMA 

21 1.BMA 
2:MMA 



hmA-biact'BMA 
MMA 











20^ 


1.31 


6650 


1.26 


6530 


1.26 


12660 


1.33 


3300 


1.62 


23800 


1.39 


23SC0 


1.39 


26200 


1.32 
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'One Pot* Synthesis of (MMA-co-MAAV&^^-BMA 
These exanq)les fflustrate a 'one-pot' synthesis of compound (2) and blodc 
copolymer by emulsion polymerization. 
A. IPrep&iraittoin oIT MMA-«»>MAA eolimiMiiiBmiB (2) 



Solution 1: 



20 Feed 1: 



25 



Feed 2: 



Weter 


120.00 g 


MAA-bhtck-BMA 


2.87 g 


ipjCo(in)DMG 


7.5 mg 


WAKO VA-044 


. 0.33 g 


MMA 


4.0 g 


MMA 


42.14 g 


il»Co(ni)DMG 


15.0 mg 


MAA 


15.60 g 


a. 0-20 min 


0.137 mL/nun 


b. 20-40 min 


0.276 mL/min 


c. 40-60 min 


0.356 mL/min 



The MAA-*tod^BMA(«abilizer/surfectantywater mixture was heated to 
58»C in a multi-necked 500 mL reactor under nitrogen for 30 min. Sohition 1 was 
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&dded bM tb@ mox&omer fe@ds w@8^ &dd@S eoncurrgmiy oves* 60 mxL On complsdon 
of the moxKom^ oddhioa the feacsios) temp^@mre ^sms iscressed slowly to 80^C. 
GPC: Ma 880, M^, 1400; Dssgismty LS9 



5 MMAMAA Com{mund 2 lst@s from p&?t A 

MAA-6ikJcfr-BMA 0.288 g 

water 9.3 g 

K2S2O8 0.224 g 

10 Initiator Feed: K2S2O8 (1 .25% &q. solution) 28.4 mL 

Monomer Feed: nBMA 12 g 



The MMA/MAA compound (2) latere from Part A was held at 80^C for 40 min 
IS under nitrogen. MAA*b-BMA (^sr&ictant) added and the reactor degassed for a 
fisrther 20 min. The initiator was then added as a single shot. The initiator and 
monomer feeds were added concurrently over 90 min. On completion of the feeds the 
reaction temperature was held at 80^C for 30 min and then increased to 85®C for SO 
min. 

20 GPC: Mn 3090, Mw 5370; Dispersity 1.74 

ES^MFLES 23 - 36 

Synthesis of block copolymers in solution 

25 The following examples illustrate the synthesis of block copolymers from 

methacrylate compounds (2). 

IPreparatoooD ©ir(MMA-<j?^j^MAA) -&te?&-BMA 

MMA-co-MAA Compound 2 (Mn 1031; Dispersity 1.53) 10.0 g 



Tsylene 30.0 g 

30 t-butyl pero;(ybenzoate 0.1 g 

Feed One: n-butyl methacrylate 10.0 g 

Feed Two: t-butyl peroxybenzoate 0.2 g 

35 xyleme 10.0 g 
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The conqrauod (2) and Hni$^^ 
reSust under nhrogeiL The moxKmsr axrf anhiator feeds 
ISOnnin. After cxrapledon of «he feeds, the mcsiiTO 
fiaither 180 min. 
5 Convcirsion: > 95%. 

GPC: Mn 1 890, 2640; Dispersity 1 .40 

TcMq So S©EBDia©HD BlMk CopoOynHneirs ffironiD Mertaocylate M©m©in!aeiro 



OorniBmnd (2) Blcsgs 





Mem. 


RQ 


Sotveal 


Compositio&i 


Mn 




Mn 




23 


nBMA 


46 


iPkOH 


MAA9 


880^ 




24ao«» 


1.S0 


24 


nBMA 


46 


iPsOH 


MAA9 


880^ 




3050^ 


133 


25 


dBMA 


46 


EtOH 


MAA9<x>-BMA5 


1620d 


2.2 


2320^ 


2.67 


26 


BzMA 


47 


iPiOa 


MMA2(r«0-MAA5^ 


2460'^^ 


1.23 


6020^ 


1.63 


27 


BzMA 


47 


iPgOH 


MMA10<o-MAA5 


1600^ 


1.71 


5520^ 


LSD 


28 




47 


iP?OH 


BMAjo-co-MAAs 


2040'*» 


2.56 


6070^^ 


1.69 


29 


BzMA 


47 


iPflOH 


EHMA10-CO-MAA5 




1.62 


4020^ 


1.61 


30 


MMA-BMA^ 


46 


tPiOH 


MAA9«co-BMA5 


ia<^ 


2.2 




1.81 


31 


MMA-BMA^ 


46 


iPiOH 


MAA9-^/ocii:-BMA5 


24C0^ 


1.50 


2790^ 


1.85 


32 


MMA-BMA^ 


46 


iPiOH 


MAA 


860« 




3060^ 


1.64 


33 


MMA 


46 


iPiOH 


HEMAii 






3620<*^ 


1.83 


34 


MMA 


48 


xyiecs 


MMA-oo-MAA 


103 


1.53 


2640^^ 


1.40 


35 


nBMA 


23 


xylene 


MMA 


890*^ 


L97 


1340*^ 


1.78 


36 


MMA 




BAc 


MMA-co-MAA 


1031'*^ 


1.53 


2068^ 


1.38 



^«"recip8^ Similar to thai of iheEwanptereferi^ AU reaciions were earned out 

at reflux. Conversions were vpically >83% 
^GPC (polystyreoe eqiuvaients). 
^CfromNMR. 

<iknK: (PMMA eqtuvsdents). 

ecosnpoaisd (Zi foepsxed by emulsion ptrf ym e ri a atfd on. 

^^1:1 affiole ffatio oomoQMDSss. 
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Synthesis of block copolymers in solution 

For monosubstituted monomers higher block purity is found when higher 
reaction temperatures are used. At low temperatures graft copolymer formation may 
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donuxEste. Xylene eml Imtyl acetfiSe <»* other sohfents ^th simi^ 



preferred for Mock ^nthesese with monosubstituted monomers. 

Conqx>und 2 (Mn 1031; Dispersity 1.53) 8.88 g 

5 Xyleaie 37.8 g 

t-tmtyl peroxybenzofite 0.1 g 

n-butyl soytete 1.6 g 

Fesd: t-butyl peroicybenzoate 0. 16 g 

10 n-butyl a^ylate 9.5 g 



The GOfli^>ound (2) and inhissor were dissoh/ed in the soh^em and heated to 
reflisc under nim>gen. The monomer and initiator feed was added over 180 nun. 
completion of the feeds, the miscture was heated under reflwc for a fimher 180 

15 min. 

Conversion: > 95%. 

GPC: Mn 1760, 2710; Dispersity 1.54 

Table 6. SolBBttooin IBIock Coipo^lyisQieirs jfroDBa MonosoabstiltQs^ed Ma^B&opsBQSro 



Ex. 




RQ 


Solvent 


Cosnposiiioa 


Mn 


Disp. 


Mn 


Disp. 


Purity^ 


37 


BA 


37 




MMA-oo-MAA 


103 1<1 


1.33 


1760*1 


1.54 


>80% 


38 


BA 


46 


iPiOH 


MAA9 


880*^ 




2620^ 


2.45 


>50%e 


39 


BA 


37 


BAc 


MMA-os>MAA 


103 1<* 


1.53 


2683<1 


1.76 


>80% 


40 


BA 


23 


xylene 


MMA 


WO^ 


1.97 


21C0C 


2.05 


>70% 


41 


S 


46 


iPiOH 


MAA 


880C 




1890<^ 


2.10 


>50%e 


42 


S 


37 


BAc 


I^^I^^A 


1640d 


2.22 


2530^ 


2.37 


>70% 


43 


S 


37 


BAc 


oBMA 


1030^ 


2.04 


4650^ 


2,79 


>70% 


44 


S 


37 


BAc 


tBMA 


2620<> 


2.62 


3620^ 


2M 


>70% 


45 


S 


23 




MMA 


840«> 


1.97 


1780C 


2.04 


>70% 



20 %«3«gi35Qps«, siiiBilartotfimof tS^ Ail reactions ^R^ere carried out at 

in§0u3i. CoioviemoQS typscslly >8S% 
^^^fomoosnsmriHmof GPC ami NMRiEEoSec^ 
%omNMR 

25 <Sevii£snoeofrBchu:dbloc&copolym£rlb7mad 
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m^hsoylic &dd Compound 2"^ ISg 

isopropaaol 62.8 g 

S azobisQsobutyromtrile) 0.32 g 

acetone 2mL 

jr@3ji: n-butyl meihacrylate 14.3 g 

^'(MAA compound (2) having Mq 1040 and Dhspsmty 1.80). 

10 

The compound (2) snd solvent were heated to reflux (ca. 80*C) under 
nisrogen. The initiator (dissolved in acetone) was added as a single shot and the 
monomer feed added over 180 min. After 90 nnin the initiator was replenished (0.16 g 
AMW I mL acetone). After completion of feed the mixture was heated under reflux 
15 for afiATther ISOmia 
Conversion: > 87 % 

GPC: Mn 2580, Mw 4900; Dispersity 1.90, 



20 T]i!^AMFlLIS 47 

Tlus «ample shows the successfid 20-fold scale up of Example 46. 

PreparatiaDm oDf MAA*»&fo«r&-BMA 

methacrylic add compound (2)"^ 200 g 

isopropanol 

25 azobis(isobutyronitrile) 4.01 g 

Feed: (1 mL/min) n-butyl methacrylate 326.1 g 

^(Mn from NMR 1204). 

30 

The compound (2) and solvent were place in a 2 L raultinecked flask equipped 
with mechanical stirrer, degassed, and heated to reflux (ca. 80°C) under nitrogen. The 
initiator was added as a single shot and the monomer feed commenced. At ca. 90 min 
intervab the initiator was replenished (2 g shots of AIBl^. On compl^^^ 
35 the mixture was heated under reflux for a fiirther 150 min. 
Conversion: > 95 % 

GPC: Mn3532.Mw5102;Dispersity 1.45 
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This example illustrates the synthesis of hydrophilic-hydrophobic block 
S o(qK>lymers based on methacjdate ester-medxacrylic add copolymers by sohition 
polymerization. 
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Isoprapsffiol 


20.05 g 


MAA 


1.2Eg 


nBMA 


3.85 g 




0.23 g 


Shot: IPi€o(ni)DMC (035 vff/o in isoipsoi^tfUkl) 


7.3 mL 




0.1140 g 


Fesdl: (0.12SmL/min) IPi€o(ni)DMG (0 J3 wt% in isoprojsanoi) 


30.7 mL 


F^2: (0.224 mL/min) MAA 


11.40 g 


nBMA 


37.d3 g 



20 

The isopropanol was degassed under nitrogen in a multi-necked 250 mL 
reactor equipped wth a mechanical stirrer. The monomers were then added and the 
mi3cture and heated to reflux (80^C). The shot was then added and the feeds added 
over 240 min by syringe pumps. Further initiator (0. 125 g) was added at 120 min and 
25 240 min. On completion of the feeds the temperature was held at 80^C for 90 min. 
The comra^on based on % solids was > 85%, 
NMR composition: MAAs-co- BR/JAi i 

GPC(PMMA equivalents): Mn, 2040. Mw 5210; Dispersity 2.56 

B. Preparatiom©? MAA-^c^BMA-*J<c«:&-Beim^ 
30 MAA-co-nBMA compound (2) 

solution"" (60 wt% in isopropanol) 30.0 g 
isopropanol '-'8 g 

2,2'-azobis(2-butanenitrile) 0.092 g 

35 Feed: (0.202 mL/min) BzMA 

isopropanol 

^ftosnPaxt A 



18.0 g 
IS.Og 
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Tte compound <2) solution and isopropanol were placed in a muhi-neck 250 
mL testitor fitted with s mechaaicssl stirra-, degassed then heated to 80»C under 
mtrosen. The initiator was added md the mononiey feed conameaced an^ 
180 min by syringe pump. Further aHquots of initiator were added at 90 min (0.049 g) 
5 and 180 min (0.087 g). The reaction was held at 80^ for a further 90 min. The 
conversion based on % solids was >94%. 

NMRcompoation: MAA3-<»-BMAii-blod£-B2MA20 
GPC(PMMA equivalents): Mb 6070, Mw 9770; Dispersity 1.61 
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This example illustrates the synthesis of a hydrophilic-hydrophobic blodc 
copolymer based on HEMA by sohition polymerization. 



Shot: 



Feed: 



Water 


75 g 


HEMA 


3.5 g 


iPiCo(III)DMG 


4mg 


4,4'-azobis(4-€yanopentanoic acid) 


0.140 g 


HEMA 


31.7g 


iPiCo(ni)DMG 


4.4 mg 



The water was degassed under nitrogen in a multi-necked 250 mL 
25 reartor equipped with a mechanical stirrer and heated to 80»C. The initial shot was 
then added and the momomer feed was added over 90 min by syringe pump. On 
completion of the feed further initiator (0.070 g) was added and the temperature was 
hdd at 80°C for 180 min. The conversion based on % solids was > 90%. NMR: Mi 

1550 

30 B. PreparaittoiiDofHydirosyetMMellhoci^^^ . 

HEMA compound (2) solution (30% in water)" 30 g 
isopropanol 8 
azobisisobuyronitrile ^-^^ S 

35 Monomer Feed: HEMA ^5.5g 
"from Part A 
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Th@ SOEMA compound (2) md isopropanol were placed in & xxmki-neck 2S0 
EnL r^c&or fitted wkh a mscham^ gdsr^, degassed under vacuum, then bested to 
30^ undss* mErogen. The imt&ssoir was sdded snd the monomer feed commenced and 
sdded over 120 mm by syrmg© jnisnp. Fusther ©liquots of ans^istorwerts added at 50 
snin (0.09 g) ©nd 180 min (0.07 g). The reaction was held at 80X for ^fintherSO 
nmn. The conversion based on % solids was > 90%. 
GPC: Msft 3620, 66S0; Dispersity 1.83 



TUs procedure illustrates the preparation of blocks from compounds (2) 
prepared with addition-firagmentation transfer agents in emulsion polymeri^on. Use 
of these reagents allows a wide raaige of end-group functionality to be introduced into 
15 the final product. 

The recipe is compatible with a one-pot synthesis of block-copolymer firom 
transfer agent and monomers. 

]Pifepara^®na ©IT MeOfinyO MetteaciiyOatte«flitoc&-IBiintyO Metlhiaciryllate 

CO2B "^Ph 

(4) <3) 



Shot: 



30 Feed 2: (0.188 mL/min) MMA 



Water 


37.5 g 


SDS (3 % aq. solution) 


3g 


MMA 


1.56 g 


allyl sulfide 4 


0.078 g 


4,4'>azobis(4-cyanopeiitanoic add) 


0.071 g 


MMA 


14.04 g 


allyl sulfide ^ 


0.668 g 


MMA 


5g 
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The water, SDS e<mfim94 and degasssd und^ vecuum in a muhi-nedsed 
250 mL reactor equipped -wiith a Kne^^ The mijaure was heated to 80^ 

umtermtrogen and tbe shot added. Fesd 1 was added ove- 80 mm by syringe pump. 
Feed 2 was then added over 28 nsin. On completion of the feeds the temperature was 
5 hddat80°Cforafimher^mm. The converaon based on % solids was 98%. 
GPC: Mn 5520 Mw 8770; Dispefsity 1.59. 

MMA compound (2) latex 27. 1 g 

(ca. 32 % solids)'* 
SDS (3 % aq. sohition) 1 0 g 
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Initiator Feed: (0.316 mL/min) KiSaOg (0.36 wt % aq. solution) 23.7 g 
Monomer Feed: (0.218 mL/min) nBMA 15.5 g 



The MMA compound (2) latea and SDS was placed in a multi-neck 250 mL 
reactor, degassed under vacuum, then heated to SO^C under nitrogen. The initiator 
20 and monomer feeds were added concuirendy over 70 min. After monomer addition 
was complete the reaction was held at 80"'C for 90 min. The conversion based on % 
solids was 9^. 

GPC. Mn 12600. Mw 1 7200; Dispersity 1 .36 

25 TobBe 7. lBll©ck Copm^mers by EoBsiuilsnoiffl PolyiaaciraEaaooiai 

Traasfer Compound (2) 

Exannrte Monomer Ageat° Composilion Mn° P^P _Jln 

50 nBMA 4 MMA 5S20 IS9 126C0 1.36 

51 MMA 4 nBMA 33CO 1.57 73C0 1.43 

52 nBMA 3C MMA '^ASO 1.S7 24700 1,46 

aoojnjwjuid (2) prepared with «aWi 

^>GK igsstytlyteas eifiuvsSssats). 
ecompsmid (2) ayntbesu canied out at SO°C 



prAlMrFir>TESS3-56 

This procedure illustrates the preparation of blocks from conq>ounds (2) 
jKBpaied with addition-fragmentation transfo agents by sohition polymerizali Use 
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of tlie^ me&sestts aUows & wide renge of monomer to be used md pesrahs vsriow 
^id-group fimetiooalisy to be introdueed ioto the find product. 

A» IPmepozTQttto&D oITStsnreisie e^ssDipoiaiaid (2) 



5 




30.10 s 




Butyl acssase 


10.03 g 




att^ sulfide <d 


1.63 8 


Fesd 1: (0.210 mL/min) 


Styrsiie 


39.9§ g 


10 


any! sulfide 4 


6.678 


Feed 2: (0.063 mL/min) 


1 , l'-azol»s(4-^clohe}taiiecarboaitrile) 


0.283 8 




Butyl acetate 


20.01 8 



15 The styrene sohition was deg&ssed under mtrogen in & multi-necked 2S0 &nL 

re&ctor equipped with st mechsmical sdirer. The mixture was hested to reflusc (12S®C) 
under nitrogen &nd the feeds sdded over 240 min by syringe pump. The compound 
(2) was isolated by two predpitstaons into addified methanol The conversion based 
on isolated compound (2) was 50%. 

20 GPC: Mn 1880 2950; Dispersity 1.57. 

IS. PorepaimtlDOSQ of StyirGfine»6£0^&»p»M(salhiylIstyireniie. 

Styirens compound (2)^ 4.02 g 

Butyl achate 3.53 g 

p-Mediylstyrene 0.46 g 

25 

Initiator Feed: (0.0177 mL/min) 1 J*-a2obss(4-cyGlohexanecarbonitril«) 0.108 g 

Bsiiiiyl ac^te 25.13 g 

MciaxmsxFesA: (0.0132 mL/min) p-Methyls]lyres£s 19.01 g 

30 

^fiom Pazt A 

Tfes styrene compound (2) and buSyl acetate were placed in a multi-oiecEc 100 
mL reactor under mtrogen and heated to reflux (ca. 12S^C). After 10 min, the p» 
35 me2h^st3fr^e was €idded. The instiator and nionomer feeds were then commenced 
and added over 24 h. The conversion based on monomer consumption was 84%. 
GFC: Mn 9500, Mw 24620; Dispersity 2.59 (includes compound (2) peak) 
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[7D by Soil 


































Solveai 




53 


pMS 


4 


18^ 




17260 


1.61 


BAc 


90 


34 


qBMA 


4 


18^ 


1.39 


9120 


1.43 


MEK 


80 


35 




4 


1^ 


1.39 


17930 


1.62 


BAc 


60 


$6 


aBMA 


5 


2330 


1.55 


16870 


1.42 


MEK 


30 



Ctij9Ri(xooiivesBioaafoeii^Qand(2)toUos{L MoBOsner oonveraian is >83%. 



5 Ty.yAMTPTI.TgS S7 - (S4 

These esraanples describe a generalised process for the preparation of nawow 
polydispemty block copolymers aod homopolymers by solution polymerization uang 
vinyl composinds (2) selected ftom methsoytate dimers and trimers. 

. The geaesBl procedure fiw the polymerization is to slowly add the 
10 selected monomef<s). CO. and fi«e radical initiator Oil) to the unsaturated 

Qgent (2) at a rate to avoid ejscesave buildup in monomer concentration. A small 
amount of monomer(s) can be added to the transfer agent before the start of 
p(riymeiization. 

The polymerization reaction is started by heating the reactor containing (2) to 
15 the desired temperature and starting the gradual and continuous feeds of monomet<s) 
and free radical initiator. 

The length of the polymexi^iion time is dependant upon the 
temperature chosen and the molecular wdght of the polymer desired Higher 

temperatures allow for fester monomer feed rates and shortened times. 
20 The choice for initiator depends upon the temperature used. It is convenient 

to add the initiator either in a solvent or mixed with some of the monomet(s) by means 
of a controUed rate feeder pump. When no solvent is used, the polymerization runs 
under bulk conditions at a well controlled rate. 

In ^s process, the amount of initiator does not litxut the polymer molecular 
25 weight. Resaction of unsaturated ends of (2) controls the degree of polymeri^oa. 
Tbs total number of moles of free radical initiator is generally set to be less than 15- 
20% of the number of moles of (2) used in the process. 

The foUowing Tables iBustrate some of the specific polymers and 
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ooodhions for fwylymeriiaaaion ysMsh have b&sa 
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using this prooedure. 





Eg. 


Viayl 


MaBSttB3S(Z) 


•c 




Tims Iff 




37 


MMA3 
100 gm 


MMA 
500 gm 


60 


VAZ4J 3Z 

4.29 gm 
300BnlEAc 


29.8 


gm AAuba/k 


58 


MMA3 


30:70 

GMA/CHMA 
1400 gm 


60 


13.1 gm 
386mlEAc 


30 


36 gm 


39 


50 gm 


GMA 
322 sm 
50:50 

MMA/BMA 
710 


60 


VTA Tt^ tit 

10.4 gm 
290ml£Ac 


29.4 


t gnao^ r -iv/l A 

JO gm iw^iA 

etSd GMA afitsa 
MMA/BMAmiss 


60 


MMA3 


30:70 

GMA/MMA 
1115 gm 


100-132 


VAZ088 
12.5 gm 
228mlBAc 


9.7 


50 gm 
atssart 


61 




15.6:84.4 
GMA/MMA 
1460 gm 


120 


VAZ088 
21.7 gm 
346BnlBAc 


16.6 


15 gm 


62 


GMA2 


12:26:62 

IBMA/GMA/MMA 
557 gm 


130 


VAZ088 

11.6 gm 
204]inlBAc 


11.5 


5gm 

monoms? wSpi 


63 




23:20:57 

BMA/GMA/MMA 
755 gna 


120 


VAZ0 88 
12.8 gm 
203 ml BAc 


24 


2 gm 


64 


CMA2 


10:32:58 

IBMA/GMA/MMA 
455 em 


140 


6.8 mn 


9^ 


13 

BKrmwBgg mass 



Table 10 sununarizes the polymerization illustrated in Table 9. 
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59 
60 
61 
62 
63 
64 



GMA//MMAniOMAn//GMA 



GMA//MMAfnBMAf» GMAn//GMA 



MnfbvGPO 
2700 
4970 
6800 
2170 
3360 
3420 
45^ 
2880 



1.38 
1.44 
1.48 
1.44 
L4S 
1.3 
1.49 
1.43 
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1. Aprocessifbrth® synihe^ of polyss^srs of ^ 



.CH2--||— CH2- 



m 



i 



1 

conqmang contacting: 
S (i) a vii^ monomer of the fonnula 

CH2 = CUV 
Qi) a vinyl-tennuiated compound of formula 



i-CHr-z 



Jn 



and 

Gii) fre® radicals, produced from a free radical soiu-ce; and 
1 0 increamg the molar amount of polymers by one or both of: 

(a) decreasing the molar amount of Oi>) fo** any 8>ven conver»on of C); 
and 

(b) decreasing the molar amount of (i) for any given conversion of (tii); 
wfaerdn: 

15 Q is selected from the group H,R, OR, O2CR, halogen, C02H,C02R,CN, 

CONH2, CONHR sind CONR2; 
U is sdlecsed from H and R; 

V is selected from R. OR, O2CR, halogen, CO2H. COjR, CN. CONH2. 
COMIR and COI<jR2; 

20 X is selected from H end R; 

Y is selected from R, OR, O2CR, hatogen, CO2H, CO2R, CN, CONH2. 
CONHR and CONR2; 

Z is selected from the group H, SR», S(OJR, S(0)2R, R^ and R^; 
R is sheeted from the group substituted and unsubstituted alkyl. aiyl, aralkyU 
25 alkaiyi and oiganosilyl groups wherein the subslitueat(s) are indepeiide^ 
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S!stest@d fiosi the groiq» casto^ epos^, faydrassyl, sXbasty^ mmo casd 



is &@l@si©d from ths group H, subsdtuted and ua^sshm@d d&yl, os^^ 
fiooD tits group rasbo:gd» epossy^ hydrassyl, ^Skassy^ gsaioo 



R? is sslt§ss@d fiom tics groasp rsdical imtastor-drnv^d Srsgmeo&s of 

oxgaaosilyU al&osiy&l&yl, dtsosqfsujd, siil&t@ groups ^trfssn^ th@ 8ubsSitu@sit(s) 
10 mB istds^sstA&aldy 8d®s^ IBromR, O2GR, halpgeai* CO2H {md ssSss), 

CO2R. CN, CONH2, 

CONHR. CONR2. ~^^|]3l2 ™^ """^^ 



r3 is s@|(se^ from the group rsdsesi chain transfer agent-derived fragments of 
^ibsdtu^ md unsubstituted siBsyl^ cydoalk^ asyl, arallcyl, alki^l, 
IS Offganosillyl, alkossyaUsyl^ gdkosysrsd, and IPR^ groups wherein the 

^iibstity(snt(s) are indqi^endenttSy sdected from R, OR\, SR, NR2, NHR, 
O2CR, halogen, CO2H, CO2R, CN, CONH2, CONHR, and CONR2; 

m ©skI 0 sure ind@pend@aiftfy > 1; md 

wbm either or both of m and n are greater than I, the repeat units are the same 
20 oirt 



2. A process according to Claim 1 wherein (i) is selected from ofte or more 
of following monomers, methyl metha^yiate, ethyl methaoylate, propyl 
tnethacrylate, butyl methacrylate, 2'-etlhQflhe?^l methscrylate« asobomyl 

25 methacrylate, methacr)dic add, h^w^l methacrylate, phenyl methicrytste, 

methacrylonitrile» alpha methyl stytnsoe, snethyl ac^l&te« ethyl ocryiate, propyl 
acsykte, butyl acsylate» 2-ethylh@siy& acrylate, isobomyl acr34ate, acrylic acid, 
b@Qi^ sc;ykt@» phenyl aoryiate, acrylonitrile, styirene, fiinctional methacrjHIate, 
acrj^ates and styrene sdlected finm glyddjd methacrylate, 2-hydroxyethyl 

30 methacrylate» hydrosgfpropyi mett^csyiate, faydroxybut]^ methacr^ate, 

diethjdaminoethyll (a!i^haciylate» trietfaylen^lycol noethacrylate, itaconic anhydride, 
itsconic add, glyddyi a^yiate, 2-iiiydro:cjf€th)d acr3^ep faydrmypropyl acrylate, 
hydro?c3fbut3d acryiate, diethj^aminoetfaj^ acrylate, triethjdenegjycol acrj^e, 
ns^tesjylaamde, N^tiest-bmy! mi^ih^csykmsde, N-ia-boityl lOEsaiMiCBfyiaEaide, N- 

35 m^lhyl-ol methacryksnide, N<>etfayi-ol methacryiamide, N-t(^4mtyl acrylamide, N- 
n4mtyl acrjHIamide, N-metS^l-oI acsyiamide, Nnsthyl-ol acrylamide^ vinjdl bensoie 
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add, dietMam«» «yrene, al|rt^^ 

alphamethylstyrene, para-methylstyrene. p-vinyi benaaie sulfonic add. 
nin,eUio«yanylpropyl metteoylate, trieihoj^ysitylpropyl meihssryiate. 
ttflwrtojiysaylpropyl methacrylate. dimethosymethylaaylpropyl Bn^hacryiate. 



dfisopropoJcymeiSiyisilylpropyl methsayiate, dimeiSiosysiiyipropyl melhacrytase. 



diisopropoxysilyipropyi methsoyiaie. ttimethojtyffllylpropyl aoyJate. 
triethoxysilyipropyl aaylate, tributoaysilylpropyl aoylaie. 
dime&ojiyinethylsflylpropyi aoyiase. dielhcwrymeihyisilyipiopyl aaylate, 
dJbutcMjymethylsUylpropyl aayUae, diisopropoKymethylsilylpropyl awylate. 
dimeAoxysilylpropyl acrylate, dieiho^Qrsilylpropyl acrytete. dibutoxysUyipropyl 
Boylate. diisopropojqrsaylpropyl acrylate. vinyi acetate, and vinyl butyrate, vlayl 
chloride, vinyl fiuoiide, vinyl broaaide. 

3. A process according to Claim Iwrtierein 00 »sdected where Q.-XY 
CH2-. Z and "n" are independently selected ftom one or more of the following: 
Q = H. methyl, ethyl, hutyl. cydohejcyU methojty. ethoxy. propoxy, butcsy. 
phenol, acetate, propionate, butyrate, benzoate. caiboxylate, chlorine, 
bromine, fluorine, iodine, nitrile, amide, N-methytemide, N-ethylamide. N- 
propylamide. N.N.Kliniethylamide, N,N-diethylamide. N.N-dibutylamide. N- 
methyl-N-ethylamide, carboxylate ester of methyl, ethyl, propyl, butyl, 
benzyl, phenyl, 2-hydroxyethyl. 3-hydroJiypropyl, l-hydroxypropyl. 4- 
hydroity-butyl, 3-hydroxybutyl. 2-hydro«ybutyl, 3-trimcthoxysilylpropyl, 3- 
triethojcysaylpropyl. 3-tributojty-silylpropyU 3-tri(isopropoxy)silylpropyI, 2- 
aminoethyl. 3.amino-propyl. 2-aminopropyl. 4-aminobutyl. 3-aminobutyl. 
2-aminobutyl, 2-epojcypropyl. or 3-epoxypropyl; 
.XYC-CH2- = derived from one or more of the foUowing monomers: methyl 
Knsshacrylate. ethyl methacsyliste, propyl methaoylste, butyl methacirylate. 
2Hgthylhexyl methffloylMe, Bsoborayl me^^ 

methacrylate, phenyl m^hactylate. methacrylonitrile. styrene. alpha methyl 
styreae. glycidyl methaoylate. 2-hydroJcyethyl raethaoylate. hydroxypropyl 
mcthactylate, hydroscybutyl methaotylate, diethyteminoethyl methacsylate. 
triethyleneslycol metharayiate. N-tert-butyi methacjylamide. N-n-butyl 
methacrylamide. N-meihyl-ol methactylamide, N-ethyl-ol methacrylamide, 
trimetho«ysilylpropyl methacrylate. tri^xysilylpropyl methaaylate. 
tributojtysilylpropyl methaoyiate, dimethoxymsthylsilylpropyl methaoytete, 
diethoxymethylsilylpropyl methacryiate, dibmosymethylsilylpropyl 
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dim^OJQfsils^sropyi m@it^«»yte2e; diethoisysilylpropyl sneshsoylate, 

msshyl &ci3^e, e^hyl OGrj^@> propyl acrykt©, tmtyl sisirsdate, 2-€thylh@5^1 
S isotoirayil ocsrsHlsst©, acsylfic add, bea^yl ph@ayi acryk^ 

gGrylociit7il@» sty?m^ gtycsdyl ^icrj^^d^ 2«fisydro?cy^isj4 acs'jdat©, 

trielhyll€si@glycoi acryl@^e» N-test-bisQfl &cn^ismid@» N-a-butyl aGn^anuds, 
N-metfqfl-ol acrytesntde, N-€^-oI sorylsffliide, beasofe sdd, 

10 di@tfij4amino sKyrene* p-vuqd b@8is@sfie sulfome add, psursi^medqds^yraKS, 

trisnethoscysilylpropyl soylsie, ttiethosysU^propyl ac^ylste, 
tributoxjfsilyipropjfl acrsdste, dimelho^syme^lssljdpropyll acn^Me, 
di<^ho?cym(Stfayll^^propj^ ©cs^^ste, dibuto^symethjdsilylpiropyl acryla^ 
dikopropoxym@^]iiy9sal34prop3^ ©srj^fi^©, d&msthossysiljdpropyll BcryisXi^ 

1 S di@^3tysilylpiropyl acs^dats, dib^OTsysiljdpropyl aor^Hlate, 

diisopropoxysilylpropyll &cirytet@» vinyl acetate, and vinyl butyrat®. 
Z= H.SR^S(0>R,S(0)2R,R^.orR3; 

m(^hyl, ethjHi, propyl, n4ni&yl, tert-lni^ 

phenylpropyl, trimethosysolylpropyl, tributosqrsilyi-propyl, hydrojcymethjd, 

20 2-l!iydro5£yeth^ 2-hydro5cypropyl, 2-epojqrpropyl, 2-aiaino@ih3i, 2-amisio- 

propji, meihoxymethyl, 2-m^ho:iyetfayl, l^-istboj^Gihyl^ 2-metho3cy-propyl, 
or heptafluoropropyl; 
R^ « hydrogen, methyl/ ethyl, propyl, n-butyi, tert-butyl, isobutyU phenyl, benzjd, 
2-phenylpropyl, trimetho^cysilyl-propjd, tributoxysilylpropyl, 

25 faydroxymethyl, 2-hydro3cyethyl, 2-hydroxypropyl, 2-epoxypropyl, 2- 

aminoetfayl, 2-aminopropyl, methoxymethyl, 2-niethoxyethyl, 2- 
edhojcyethyU 2-methoxypropyl, or heptafluoropropyl; 
R2 8 2,4-dimethj^pentfinenitrile, 2»meifaylbutanenitrile, 2-meth3rtpropanenitrile, 
cyclohexansssKbonitrile, 4-«yanopentanoic sidd, N,>r-dimethyl@neiso- 

30 butyrasnidine, N,N*«dimetfayleneasobmyr&nid^ hydrodiloride» 2* 

amidinoprop&ne, 2-anndtnopropsine hydroddoride, 2-methyl-N-[l,l- 
bis(faydrosyniethyl)ethyl] propionsmide, 2-mediyi-'N-[l,l-bts(faydro3cy<* 
nii§illij^)-2*hydro39ethj4] prognon&nnde, 2-Bn^yl-N-(2-liydro?syeKbyl) 
profnonamtde, isobutyamids hydrate, hj/droiq^ or sut&te; 

35 R3 = l,l-bis(carboefli03ry)ethyI, l,l-bis(carboniethoxy)elhyI, bis(carboetfio5sy>- 
Etti^thS^ bis(casrbometho3qr)m^l!5fl, l-csffboethojcy-l -phenyl ethyl, 1-caybo- 
snetho?cy-l -phenyl e^l, diionne, bromine, fluorine, iodine, i-metfayI-1- 
[ca2bb(2-epo;cypropoxy)]etfayl, l-meihyl-l-[cari)o(2-hydroxy€thoxy)]ethyl. 
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aamoetbojsyyie&i^ l-inetfqrt-l4caxbc(3-triiaaho3:yffllylpropoxy)]ed^ 1- 
in(Sth3i-l-[carbo(3-triethoRyals*propo^ l-me«iiyH-[cfirbo(3- 
dunethosyeaioxyaljrtpropo3iy))e«hyl, l-meihji-l-tcari)c(2-methosy- 
&bo^yi&tbyi^ (N,NHdi=nie%ianaixM>Xsysao)siieil^l, N,N-<iimetlvlainino- 
(b@sso)siieasyl, tliiom^lByi(eyaao)ms8hyl, or thioeah5rt(cyano)meth3d; 
n > I SBid "srtiCT gr^er thim 1, ti® rep^ unhs are the san^ 

4. AfTOcessacccmiinstoClsim 1 v!4ieran0u)is8deG«edfip^ 
of She folkming: 2,2'-aaobisCisotw«yronitrile), 2.2'-azobis(2-tMitanenitrile). 4,4'- 
azobis(4-cyai^>entanoic add), l,r-azobis(cyclohe5£aaecarbo«iittileX 2-ii-bvxy\azoy 
2-cyanopropane, 2,2'-aszobis[2-me8hyl-N-<l,l)- bis(hydo»ymethyl>2-hydro»yethyl) 
propionsxnide, 2,2'-azobis[2-metM- N-hydroxyetljyl))-propioiiamide, 2,2'- 
8S20bis(N,W-dimeih^eai>kobuayrasxiidin^ diddoride, 2,2'->azobis(2- 
aimdinopropane) dicMoride, 2.2'-saobi2(N,N'-din>ettqrteaasob«^^ 2^2'- 
aOTWs(2-methyl-N-[l,l-4>i8(h3«lro3syin^ propjonanrideX 2,2'- 

aMbis(2Hnediyl-N-[1.14)is(!iydr(wymetM)^ propioaaaaide), 2,2*-azobis[2- 
meUisi-N-(2-hyd«»tyethyl) propionainide], 2,2'-a2obi<iso- butyramide) dihydrate, 
t~butylpero9gfaceU^ t-butylperoxybsnzoate, t-bMtjrtpcroJcyoctoate, t- 
butylpes-oxyneodecanoate, t-butylperojsyiso-butyrate. t-amylperosypivalate, t- 
butylperoxypivsMe. cumene hydropsroside. dicumyl peroxide, benzoyl peroxide, 
potassium persulMe, ammonium persul&te. 

5. Process of Claim 1 whenan compound (2) is a block copolymer of 
general structure (I) and the product is a tri- or multi-block copolymer. 

6. Process of Claim 1 employing a temperature above IWC. 

7. A composition consisting essentially of s polymer with a polydispersity 
<1 .7, having the formula 




wherein: 



o 
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Q is sdecied fiom the group H, OR, O2CR, hdogea. COjM. C02R» CN. 

CONHR and CONR2; 
U k sd^^ from H sind R; 

V is sdec^ from R, OR, O2CR, h&Iogea, CO2H. CO2R, CN, CONM2* 

CONHR and CONR2; 
X is selected from H sad R; 

Yis £c^@st(3d fiomR, OR, O2CR, halogesw CO2M, CO2R, CN, CONM2, 

CONHR m& CONR2; 
Z is sdeceed from the groiq) H, SSLK S(0)R, S(0>2R. R^ and R^; 
R is sdected from the group substituted and unsubsdSuted slkyl, a^yl, aroUsyl, 

sSkmyl md org&nostljd groups ^vs^ieresn the substituesit(s) sure isidependeatlly 

selected from the group cdri>o^ eposcy, hydroscyl, alkoxy, amino and 

halogen; 

Rl is selected from the group H, substituted m& unsubstituted alkyl, @s3^ 
aralkyl, elkaiyl, org&nodljd wherein the subsdtuent(s) are independently 
sdected from the group casboscyl, eposy, hydnncyl, alkoxy, amino and 
halogen; 

r2 is selected from the group &ee radical initiator-derived fragments of 
substituted and unsubstituted alkyl, cycloalkyl, aryl, arallgi, alkaryl, 
organosilyl, alko^^y&lkyl, alkosqmryl, sul&te groups ^^^lerein the subststu^(s) 
are independently selected from R, OR^ O2CR, halogen, CO2H (and salts), 
CO2R, CN, CONH2, 



CONHR, CONR2, ^ salts); 



substituted and unsubstituted alkyl, cycloalkyl, aryi, aralkyl, alkaryl, 
organoidlyl, allcoxyalkyl, alkosqraryl, and FR2 groups wherein the 
substituent(s) are independently selected fr^m R, ORi, SR, NR2, NHR, 
O2CR, halogen, CO2H, CO2R, O^. CONH2. CONHR, and CONR2; 
m and n are independently > 1; and 

uAien either or both of m and n are greater than 1, the repeat units are the same 
ordi^rent. 

8. A composition according to Claim 7 wherein the polydispersity is < l.S. 

9. A polymer made by the process of Claim 1. 
10. A polymer made by the process of Claim S. 




R3 is selected from the group radical chain transfer agent-derived fragments of 
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